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~NATIONAL ADVISORY .COMMITTER FOR ABRONAUTICS

- e A ADVANCE COUFIDENTIAL REPORT

WIND-TUNNEL THSTS OF AILERONS AT VARIOUS SPEEDS
III' - AILERONS OF O.20 AIRTOIL CHORD AND
TRUE CONTOUR WITH O.EB-AILEROH-bHORD FRISE

BALANCH ON THE FAbA 23012 AIRFOIL
SUMMARY

Hinge moment, 1ift, anrd pressurc-dlstribution mezs-
uvrements wore made on a Frlee alleron on an NACA 23012
alrfoil in the two-dimensional test section of the LMAL
stabllity tumnnel, 8Speeds up to 360 miles per hour corre-
spondling to a Mach nurmber of about 0,470 were used, The
nose redius of the aileron was varied from 0,001l2 to
0.0150 of the alrfoil chord. Tosts also were made with
an increascd vent gap end with the lower surface of the
airfoll at the ontrance of the slot rounded to a radius
of 0.02 of the airfoil chord, The primary purpose of all
tosts was to determino the effecte of spend on %this type
of aileron,

The varlatlon in soction hinge-moment ard section
11ft coefficlent with kacih numpor and anglo of attack 1s
shown in curves of hinge-momont and 1ift coofficlent
Plotted. against eileron defloctlon for tho various con-
ditione tosted. Slopwus of thoso curves wore dotorminocd
end plottod against Mach number and alleron nose radius,

Increanee in speed decreased the unstalled range of
negative alleron deflectlons, The changes in hinge-moment
coofficients with speed seem comparatively small in the
unetalled range dbut would probably cause considerabdle
error 1f- neglected in computing the stick forces for high
speeds. '

For gmall alleron deflections theo aileron with the-
smallest nose radius was most effoctive in reducing hinge
momente, but the negative range of balunce effectivoness
was very llimlted, Increasing tho noso radius extended
the negative range of balance effectivenoss appreciably,
incroased tho negative range in which the alleron was.
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offectiveo 1n producing incroments of 14ft, and causod a
conslderadleo ilncrecee in the 1lift produced by tho aileron
nt high angles of attack and large positive alleron de-
flectloans., XRounding the lower surface of tie airfoil nt
the slot entramce and lncreasing the vent gap had an appre-
clable but varylng effect on the 1ift and hinge-moment
coefficlents, depending on the angle of attack and alleron
deflectlon.

Osclllations of the Frise ailerons occurred at the
negative angle of stall of the ailerons, A vibration of
shudder different from the usual osclllation occurred at
the high speeds at largo angles of cttack and at small
and even zero aileron deflections.

INTRODUCTICH

Increases in the size and speed of combat airplanes,
together with the dem=nd for high rolling velocities, have
made 1t necessary to balance almost complotely the hinge
moments of control surfaces in order to ezable the pilot
to deflect the coutrols under all conditions of flight.
Because this close balance aad the compressibility effects
have caused overbalance wlth -some existing aileron in-
gtallations at high alrspeeds, soms of the currently uveed
or recently proposed balarnce arrangements must be retestsd,

The WACA 1s undertakling a study of some of tho .more
promising aileron forxs at alrspeeds higher taan those
employed in previous devalopmonts, Results of tests of a
blunt~nose and & goalcd-intornal-balance alleron on a low-
drag airfoll soctlion aro reportcd in references 1 and 2.
Tho soction characteristice of @ Frliase allerozn of 0.30
airfoill chord and 0O.%5-alleron-chord balance on an ¥AQA
33012 eirfoll aro prosented herein,

Tho soctlion lift and section hingec-moment coeffi-
clente woro measured at diiferent airspesads up to speods
of 360 miles per hour (Mach number of 0,470) tarough an
anglo of attack range of -5° to 10° and an aileron deoflec-
tion rango of *20°, The influence of the alloron nose
radiue and the effect of rounding tho lower alrfoll surface
at the entrance of theo slot and of increasing tho vont gap
woro also investigated, The results are presentcd as curves
of section 1ift coofficlent and soction hingo-moment coeffi-
cloent plotted ageinst alleron deflection, The slopes of



the curves were plotted against Mach number and alleron.
. nose radius to show the effect of Ghanges in the shape of
the alleron balance.

SYMBOLS

The coefficlents and symbols used in this paper are
defined as follows:

\
ey airfoll section 1ift coefficlent (g:)
cha ailerﬁn sectlon hinge-moment coefflcient
a
qe, @
where
1 airfoil sectlion 1lift
ha alleron section hinge moment
c chord of basic airfoll, including_aileron
Ca chord of the aileron measured from the hinge
axlis back to tkhe tralling edge
q ¢ynamic pressure %PVB
v absolute air veloclity
o) mase density of alr
and
B . aileron nose radius, fraction of chord
a, angle of attack for airfoil of infinite

aspect ratlo

alleron angle with respect to airfoll,

&

& consldered positive with tralling edge
down

M Mach number




oc
by
( asa> slope of cha against Sa at constant o
a, '
dc, .
(Sgl) slope of ¢&3 against 5& at conetant X,
a/ 4 '
)
\
dc, .
564— slope of c, egalnst a, at &, =0
)
6y = O

APPARATUS AND I{ODELS

The tests -vere mado in the NACA two-liwensional test
section of the stablillity turnel. This section is rectangu-
lar, ¢ feet higih and 2.5 fect wide. Speeds up to 350 miles
per hour corresponding to a Mach number of 0.470 were used,
Figure 1 shows the model mounted in the tunnel,

The model of 2-foot cuord ani 2.5-foot espan had an
JFACA 23012 ailrfoll section, The main portion of the air-
foil model was mede of laminated manogany. The 0,20¢
Frise alleron with 0.Zbcg dalance was made of steel with

wooden nose plecen, Figure 2 is a sketech showing the
dimensione and configuratiozs of ths alleron tested,

The aileron was supported at the ends by ball bear-
ings fitted into stesl end plates that were attacned to
the main airfoil, The airfoil wnich completely spanned
the tunnel was fixed into circular end plates that were
ot flueh wlith the tunnel wall,

The angle of atteck ot the model was chenged by
rotating the end plates, The alleron deflection and the
Ainge momente were measured vy & callbrated spring-torque-
and-sector eystem, In some cases the hinge moments were
also obtained from the pressure distrlbution over the
alleron, The 1llft was measured by an integrating manome-
ter counnected to orifices ln the tunnel floor and celling
and was callbrated against 1ift obtained by pressure
distribution. Pressure orifices, -whica were located a2long
the midspan of the wing and alleron, were connsected %to a

y




muzltiple-tube manometer, and the. pressures ware recorded
pnotographically.

TESTS

Tests were made on an NACA 23012 airfoll equipped '
with a Frise alleron for ailleron nose radii of 0.00l2¢,
0.,008c, and 0.0150c with a constant nose gap of 0.005c
end a constant vent gap of 0.,0055¢, Thse lower surface
of the airfoll at the slot entrance was not rounded for
these tests, (See fig, 2,) With the lower surface at
the 3lot entrance rounded to a 0,02c radius, additional
tests were made for the aileron with nose radius of 0.00B¢
and a nose gap of 0,005¢c but with the vent gap equal to
C,006%¢ and 0,0lc.

Sectlion hinge moments and sectlon 1ift were measured
for speeds from 150 to 360 mllos per hour corresponding
to Mach numbers renging frcm 0,198 to 0,470, The lowest
speed correspcnded to a BAeyncldc number of about 2,800,000
and tle highest spesd to a Reynolds nvmbor of about
5,700,0C0. The relatlon betweon Reynolds number for
standard ~tmosphorlc conditlions and tost Mach number 1is
slhowa In figuro 3,

The tests were made at angles of attack of -59, 09,
59, and 10° and for each angle of attack rosdings were

taken at aileron deflections of G°, x2°9, x5°, =79, x10°, - -
£13°, =15°, *18°, and =20°,

Pregsure-distrlibution records werce obtained et Mach
numbors of 0,199, 0,366, and 0,470 for every angloc of
attack tested. Tor each angle of attack records werse made
at alleron deflections of O +59, +10°, and *18°

PRECISION

Angloe of attack were set to within 0, 1° and aileron
deflections to within =0,3° Measurements of the hinge-
moment coefficionts could be repoated to within *0,003
and 1ift cooefficionts to within *0,01,



Corrections for tunnel-wall effects were not applied
to the hinge-moment coefficients, The aileron angles
were correctéd for torslonal deflectlion under load, The
following corrections were applied to the section 1ift
coefficiente and the angle of attack:

c, =_[1 - T (1 + 25):! oy !
(T + Y) ay!

© gy
where

0.237 (a theoretical factor for HACA 23012 alrfoil)

™
i

h height of tunnel
! measured l1ift coefficient

a.! urcorrected or geometric angle of attack

The values used are:

) 0.566 cll

a, = 1,023 a '

Hinge moments were measured both by pressure distri-
bution and by the spring torque belance for a number of
conditions and the resulta are plottsd in figure 4, The
variations shown are probadbly attributadble to the fact
that the spring palance measures the moment on the entire
alleron, which lncludes the effects o0f tunnel-wall boun-
dary layer and of gaps at the ends of the alleron as well
as any cross flow over the aileron, The pressure diastri-
bution, however, gives the hinge momont at the midsection
of the aileron and 1s subjeet to errors ian faliring the
pressure-distribution diagrams,

RESULTS AND DISCUSSION

For moast of the speed and angle-of-attack ranges,
only small changes were observed in the general Dbochavior



of the Frise allsrons, At the negative.angle of stall of
‘the alleron, which depended on..the angle of attack, the _
speed, and the shape of the aileron balance, the aileron
would oscillate betwesn the stalled and the unstalled
. condition,. o

A& different effect was noted at an angle of attack
of 10°, where at high speeds a violént, intermittent
vibration or shudder ococurred at small positive alleron
deflectlions, Simultaneously, an lntermittent stall of
the whole upper surface occurred as was shown by the
tufte which were placed over the wing and ailloron in
order to study this phenomenon., ¥ith further increases
of speed thlis effect took place at stlll lower posltive,
and even at small negative, allerod deflections and at
lower angles of attack.

The violent vibratlon or shudder may have been the
result of compressibility shock over the wing and ailleron
becauge, in all cases in whick the vidbratlon occurred,
the poak preasures on tkhe urper surface of tho wing were
found to be unifcrmly hligher than the crltical pressure,
I+ 1s also probabie that the vibration may be associated
with some pecullarity in the mclal mounting, irregular-
itles in aileron profile, or stntlc unbalance of the
alleron, Changes in the shape of tho sloi and sealing
the slobt with plasticine had no apparent effect on the
vibration, When & blunt-nose alleron was tested under
the same condltions on the same wing, however, the
vibration 414 not occur,

The posslbility of damage to the model and equipmeat
because of the violence and spasmodic occurrence of the
vibration .limited the investigation of this phenomenon
with the result that nolther the cause nor the effect was
definitely destermined, The widospread use of tho Frise
alleron, however, warrants a further investigation of
this vidbration, .

Hinge Moments

The alleron section hinge-momont coaffioients On
a

plotted agalinst aileron deflootion .§q for the various

speeds and aileron parameters are glven in figures 5 to
9. These curves show that for posltive alleron defleca =

tions the slopes of the curves of cha agaeinst Sa



become more negative with increasing &,; whereas for

negative alleron deflections, the slopes of the curves
are generally small and sometimes become slightly posi-
tive for a limited range of §,. After the alleron stalls,

the slopes suddenly increase with the result that the
magnlitude of the ninge moment at large negative deflections
is about the same as that at corresponding positive
deflections; '

Even though the results show that the individual
alleron was usually overbalanced for some negative
deflections, the combination of two ailerons on an air-
plane would not necessarlly be overbalanced. Certain
linkage combinations, however, might give overbalancs.

The range of negative alleron deflections, for which
good balance of hinge moments is obtalined, decreases with
inocreased speed and increases wlth increased aileron nose
radius, as is shown in figuros 5, 6, and 7, The amount
of unbalance increases with lncreased 9% for positive

alleron deflections and decreases wilth increased ao for

negative alleron deflections, except whon qa, = -6%2, at
which the hingo moments are much larger than when

a = 1000

o

Because the effocts, In the unstalled range, of the

various alleron and test parameters are not readily appar-
cnt from the curvese of flgures § to 9, the values of

dc
(-3%5;> obtained from the values of cp at *5°

e
o

alloron deflection are plotted againet ¥ 1in figures
10(a) and 10(b), These figures show an appreciabloc change

dc

h

in (—335—) with incrocasecs in epocod. Tho direction
8

a
0
and magnitude of the change depends on the angle of attack
and tho alileron parametors, UFigure 10(b) shows that when
the lower surface was rounded to & 0,02c radius the absolute

de
h
value of ( aaa ) increased at positive angles of attack
a
Q
o
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atd decreased at negative angles of attack,” Increasing
the vent gap genorally decreased the absolute value of

®n
a
( aa .
g
ach
The effect of alleron nose radius on _sg&_ is
5 */a, .
c .
gshown in figure 1ll., The value of (_s%ﬂ_) increased
a
o

0
nagatively with alileron noso radius and the largest
changes occurred at the hligh angles of attack,

oc
Tho value Of | —esB. obtained for the ailerons
asa : .
Qo

with a nose radius of 0.0150c probeably could be decreased
to approximately the value obtained for tho allerons with
a ross radius of 0.0012c by use of a small amount of addi-
tional balance; at tho same timo, the nogative range of
balanco effoctivoness would be larger than ths negative
range obtained with the small nose radiue,

Lift :

The airfoll section 1lift coefficienyi cy obtained
with the integrating manometer for zero alleron angle,
are presented as a functlion of ‘o 1n flgures 12(a) and
12(b) for the various speeds and aileron parameters tested.
The results indlcate that generally, at an angle of attack
of 10°, the value of ¢, 18 higher ‘than the value usually
obtalined for a plain 23012 airfoll, ” This increase is
probably due to the effect of the slot because ¢

increased when the nose radius incoreased and when the
lower surface of the airfoil was rounded at the entrance
of the slot, ’

As was expected, increasiug the speed increased the
slopes of the lift.curve, Thils effect 1s shown in figure
13, which i a plot of lift-curve mslope obtained from

values of ¢, &t g, = +5°, «gainst Mach number for the
dlfferent aileron parameters, JFor comparison, & curve
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dc

ig included with values of 3—1 that are incroeased
a, 5
a
by the factor X » which 1s the theoretical

J1 e

variation of lift-curve slope wlith M as given in
refereace 3. .

Tho variation of section 1ift coefficlent ¢ wlth

alleron angle 18 given in flgures 14 to 18; 1in orier to
avold confusion, only the curves for the medium speed
ware falrei. The valuas of cy are apnproximately pro-

portional to ailsron deflectlons extemding to abont 20°
in the positive dircction, The aileron stall, whlch
depends on nose radlus and a, for a givexn spead, occurs

at a much lower negative alleron deflection, however, and
the increment of ¢y due to alleron deflectlion docreases
for greater values of 63. The range..of negative alleron
deflectione in wiaich the alleron is not stalled -dscreases

with increases of speed and increases with increases 1n
nogse radius,

The slopes of tha curves are generally lowest at
a, = °and, in most cases, the slope increeses as a

changes in elgher direction, The effect of. spsed on

de

(3El is best skown by figures.l9(a)-and 19(b), which
\““a '

a

o
dc -
give the curves of S—l plotted agalpst H-for all
\550.

(o]

alleron parametcrs. The values -of_ . %%l>_'“ woro-obtained

a
- ag

from the values of o, at 6g = 5% The-alopas inorease - -
with Mach number in a manner similar to the increase in
the slopes of tae curves of cz agalnst a, -glvea.in
figuro 12, .

Changing tho aileron nose radius hed-an-appreclabls

de

offcct on (531) as shown ian figure~-20. ~At.-low._and
a
a
)
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Ce . {9 i . el
negative anglos of attack (_gl) gonerally doecreased

%o

as the nose radius increased it at high angles of attaok
increasad with increased noee radius. The absolute value

0o
of cl) generally decreased at low and negative anglos
a

ad,
°

of attack but was increased at medlum and high angles of

attack as a result of rounding the lower surface of the

airfolil at the slot entrance, (Bee fig, 20.) An increase

de
in the vent gap cauesed a decrease in sgl for all
. aao
angles of attack, the ofrect belng much larger at low and

modlum angles of attack than at high angles of attack
(fig' 20) [}

CONCLUSIOXNS

The resulte.of the tests of Frlse ailerons of 0,20
airfoil chord and true contour with 0,35 aileron-chord
balenco on the NACA 23012 airfoil indicate the following
goeneral conclusions:

1, The unsetalled range of negatlve alleron deflec-~
tions was decreased by lnereoasing the alrspeed: in the
unstalled range, however, the changes 1in hinge-moment
coefflclents with speed wore comparatively small and
irrogular for the speed range tested but would probabdly
cause a considerable error if neglected in computing
stick forcems for high speeds.

2, Tor small aileron defloctions the aileron with
the smallest nose radius tested was most effective in
reducing hinge momente, but the effective range was
limlted. Increasing the nose radius produced a large
increase in the range of negative aileron angles at which
the aileron was effoective 1ln producing increments of 1ifs,
Increases in nose radius also caused a considerable in-
orease in the 1lift oroduced by the alleron at high angles
of attack and large posltive alleron deflections,
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3. Rounding the lower surface of the airfoil at

the slot entrance and increasing the vent gap had an
apprecciavle but irrcgular effecct on the 1ift and
Ainge-momecnt coefficients, depending on angle of attack

and aileron deflection, .

4., Oscillations of the Frisc allerons occurrcd at

the negative angle of stall of the ailerons, 4 vidbra-

tion

or shudder different from the oscillation occurred

a2t the high speeds at inrge angles of attack and at small

and oven zcro aileron de

I

leclicrs.

st

Langley Memorial Aeronautical Ladoratory,

[

3.

Vationgl adviscry Committee for Aecsonautics,
Langley Pield, Vo,
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1.- Airfoil and aileron mounted in tunnel.
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3, Rounding the lower surface of the airfoil at
the slot entrance and increasing the vont gap had an
approciable but lrrogular effect on the 1ift and
ningo-momcnt coefficlionts, depending on anglo of attack
anl alloron deflection., .

4. Oscillations of the Frise alleromns occurrcd at
the negetivo angle of stall of the ailerons, 4 vibra-
tion or shudder dlfferent from the oscillatlon occurred
at tho high speeds at inrge mngles of attack and at small
and evon scro alloron deflecticrs.

Langloy Memorial Aeronnutlcal Ladoratory,
National Advieory Commlttee for Aecsonautics,
Langlcy Fileld, Vn.
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